The relationship between interstellar extinction and distance in the direction of dark clouds in the areas around the open cluster IC 348 and the association Per 0B2 is determined using the results of photoelectric photometry of 189 stars in the Vilnius photometric system. Two absorbing layers are found. The nearest layer, covering the whole area around IC 348, shows the mean extinction Ay of ~0.7 mag. It begins at the distance of 160 pc and probably is an extension of the Taurus dark clouds to the north-west. The second absorbing layer has the form of a chain of dark condensations, named L1468, L1470 and L1471 and is at 260 pc distance. This layer has a higher density, its mean extinction being ~2.0 mag. The cluster IC 348 is at about the same distance and is physically related with the dark cloud L1470. Distance of the Per OB2 association is found to be 340 pc, the mean extinction of its members is 0.95 mag. A model of spatial distribution of the Perseus and Taurus dark clouds based on photometric distance determinations in this and previous papers is proposed. Six stars in the IC 348 area are suspected to have an emission in the Ha line.
Introduction
This paper extends the interstellar extinction studies in the Perseus dark clouds. In earlier papers (Cernis 1990a,b ) the western part of the Perseus dark cloud complex around the reflection nebula NGC 1333 has been studied. The present paper deals with distribution of interstellar dust in two areas of the eastern part of the dark clouds. The first of them is of 2 x 2° size around a young open cluster IC 348 (Dreyer 1895) and embraces the L1468 (or B3) and L1470 (or B4) dark clouds (Lynds 1962 and Barnard 1927) . Its center is at a(1950) = 3 h 40 n !0 and £(1950) = +31°40'. All stars down to V = 13 mag are measured here. The second area is of 5 x 7° size and includes the Per OB2 association. Its center is about 3 deg northeast from IC 348. In this area almost all stars of Per OB2 association down to 10 mag are measured.
The aim of this work was to determine the distance and extinction of the dark clouds in the eastern part of the Perseus complex ( Fig. 1) , the distances of the open cluster IC 348 and of the association Per OB2, as well as to find the physical relationship between these stellar groups and the dark clouds. The next goal of the study was to construct the spatial model of all complex of the Perseus and Taurus dark clouds using the new results together with the results obtained earlier.
Description of the studied areas
The open cluster IC 348 lies in the eastern part of the Perseus complex of dark clouds which forms a chain of dust condensations 2° wide and 6° long consisting of dark clouds L1448 (B203), L1450, L1451 (B202), L1452 (B206), L1455 (B204), Bl, L1468 (B3), L1470 (B4) and L1471 (B5), see Fig. 1 . Eastwards from the cluster, the Per OB2 association is situated (Ruprecht et al. 1981) .
In the area of IC 348, studied in this paper, there are two dark clouds: L1468 and L1470. Khavtassi (1960) atlas shows here the cloud No. 255. In the association area the dust clouds Khavtassi 258 and 260 are shown. The last one is also B5 according to Barnard or L1471 according to Lynds.
Space distribution of the dark clouds in Perseus was investigated by Heeschen (1951) , Lynds (1969) and Cernicharo et al. (1985) using star and galaxy counts. All authors agree that there are several clouds at different distances from the Sun. However, the estimated distances of the clouds show disagreement.
The brightest stars of IC 348 illuminate the surrounding dust, forming a group of reflection nebulae. A number of Ha emission stars have been detected in IC 348 (Herbig 1954) . Blaauw (1952) suspects that the cluster is a part of the association. Dense areas of the clouds were studied in radio frequencies by Sancisi et al. (1974) , Bachiller and Cernicharo (1986) and Bachiller et al. (1987) . CO, OH, CH, NH3 and H2CO molecules were detected. The IRAS sources in the area were studied by Ladd et al. (1993) .
The cluster IC 348 was first investigated by Gingrich (1922) who made an attempt to determine proper motions of its stars and the cluster distance. One-dimensional spectral classes of the brightest cluster stars were obtained by Hubble (1922) , Vyssotsky and Williams (1948) and Greenstein (1948) and for faint stars by Strom et al. (1974) . Two-dimensional spectral classes and UBV photometry are given by Harris et al. (1954) . Strom et al. (1974) give more UBV and infrared photometry. Pfau and Lehmann (1982) present photographic UBV photometry of the field stars near IC 348. The age of the cluster is evaluated to be from 5 to 20 mln years (Strom et al. 1974) . Many authors draw attention to a considerable variation of extinction throughout the cluster. From inspection of the Palomar Atlas plates, Lynds (1969) finds dust condensations of about 3' sizes. Blaauw (1952) was the first to study 17 members of the Per OB2 association. From their proper motions, he has found evidence of an expansion gradient corresponding to 1.3-1.5 mln year age. This result was later confirmed by Lesh (1969) and Sancisi et al. (1974) . Further age estimate (2-3 mln years) has been made by Klochkova and Kopylov (1985) from the [Vo, (-S -V) 0 ] diagram. UBV photometry of the association was published by , Seyfert et al. (1960) , Blanco et al. (1968) and Jaschek et al. (1972) . Photometry in the Strömgren system was obtained by Rydgren (1971) . MK spectral classes are given by Hiltner (1956) and Guetter (1977) . Klochkova and Kopylov (1985) investigated the chemically peculiar stars of the association.
Most of the mentioned investigations are concerned with the brightest stars of the cluster and association. Stars fainter than 11 or 12 mag remain without photometric and spectral data.
Photometric observations and two-dimensional quantification of stars
Photometric observations of stars were accomplished on the 1-meter telescope of our institute at the Maidanak Observatory in Uzbekistan during four autumn observing runs (1985, 1987, 1989 and 1991) . Techniques of observation, reduction outside the atmosphere and data processing are the same as described by Cernis (1987 Cernis ( , 1990 . The mean square errors of the catalogue are ±0.012 mag for V magnitude and ±0.010-0.012 mag for colour indices (for some red stars, the ultraviolet and violet colour indices are of ±0.015 mag accuracy). The results of the photometry of 189 stars are presented in Table 1 which contains: the numbers of stars identified in Figs. 2, 3, 4 and 5, BD and HD numbers, coordinates, photometric two-dimensional classification obtained in the present work, V magnitudes, colour indices U -Ρ, P-X, Χ -Υ,Υ -Ζ, Ζ -V and V-S and the number of independent observations n. .
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Colour excesses Εγ-ν were calculated as differences between the observed Υ -V and the intrinsic colour indices (Y -F)o taken from Straizys et al. (1982) with corrections from Straizys (1992) . Εγ-ν were transformed into EB-V using the ratios ΕΒ-ν/Εγ-ν calculated by Straizys and Jodinskiene (1981) , slightly dependent on spectral type and absolute magnitude. Distances of stars were derived as usual:
where the values of R = ΑΓ/ΕΒ-Ν were taken different in different parts of the area due to variations of the interstellar extinction law (see Section 4). The probable errors of Ay are expected to be approximately ±0.1 mag and the distance errors must be within ±25%. At 200 pc distance this corresponds to approximately ±50 pc.
Quantification results, distances and extinctions in different areas are presented in the following tables: • 65
• 52
• 51 >54
• 35
•46 •43
• 34 >39
• 33 in the direction of L1468 and L1470 clouds which are not on the IC 348 list; Table 4 contains 46 staxs in the area of 1° diameter around IC 348; Table 6 presents data for 103 stars in the Per OB2 area.
Determination of the ratio R
Cernis (1990a) has obtained R = 3.7 for the vicinity of the reflection nebula NGC 1333, while the highest density areas of the nebula show R values as high as 5.0. To derive R in the area of the open cluster IC 348, polarization observations by Strom et al. (1974) in the UBVR and 7500 Ä bandpasses of 13 heavily reddened cluster staxs were used. Using their A(max), i.e. wavelengths of maximum polarization and the Whittet and van Breda (1978) ratio R = 5.5A max (//m), we derive the value R = 3.5 ± 0.2 for the area. Other estimate of R was obtained by using the mentioned Strom et al. (1974) UBVHKL photometry of the cluster stars. We have selected 11 B1-F2 stars from the list to use them for extrapolation of interstellar extinction law obtaining R = 3.45 ± 0.1. The average value R = 3.5 was used to calculate the distances and extinc-tions Ay of the stars in the direction of IC 348 and the dark clouds L1468 and L1470 in its vicinity (Tables 2 and 4 ). This value of R is the same as that derived earlier by Straizys et al. (1985) and Cernis (1987) for the Taurus dark clouds. TLe maximum value R = 4.1 is found for the star Gingrich 12 {Ay = 2.6, A3IV). For the association Per 0B2 area the value R = 3.2 was accepted as justified by Guetter (1977) . A similar value, R = 3.21, was obtained by Turner (1976) . Thus, the value R = 3.2 was applied to all 103 stars in the area of the Per OB2 association (Table 6 ).
Distances of the dust clouds
In Fig. 6 , the interstellar extinction Ay is plotted against the distance r for 86 stars projected on the dark clouds L1468, L1470 and partially on L1471 using the data from Tables 2 and 4. Up to 120 pc distance only the unreddened foreground stars are seen. After that it is a jump of extinction at 140-180 pc distance to the average value of Ay = 0.71 ± 0.27 mag. At r > 200 pc the second jump of extinction takes place. The first jump can be attributed to the extinction of the dust layer which might be an extension of the Taurus dark clouds, overlapping the Perseus dark cloud complex. Earlier investigations by Straizys and Meistas (1980) , Meistas and Straizys (1981) and Cernis (1987) show that the Taurus dark clouds are at about the same distance as the first cloud layer in Perseus. Additional confirmation of this may be found in Cernis (1990a,b) .
The second jump of extinction may be related with the dense clouds L1468 and L1470 which further will be called the Perseus clouds in contrast to the Taurus clouds which form the first layer. This second cloud layer of higher density than the first one: the mean extinction of stars behind it is 2.7 ± 0.6 mag. After subtraction of 0.7 mag, given by the first layer, we obtain 2.0 mag as the mean extinction of the second layer.
Existence of the second dust layer (the Perseus clouds) is also supported by the lack of moderately absorbed stars (Ay <1.5 mag) at r > 250 pc, since all distant stars are affected by heavy extinction of the Perseus clouds. Although the nearest stars with heavy extinction are at about 220 pc, estimation of the distance errors indicates that the most probable distance of the Perseus clouds should be 250-270 pc.
The dark cloud L1470 contains some reflection nebulae which are illuminated by the immersed stars of IC 348. This immersion is different for different cluster stars, since they exhibit variable extinction. Thus, it is expected that distances both of the cluster and of the dark cloud must coincide. This will be discussed in the following section. Fig. 7 exhibits the plot of interstellar extinction versus distance for 103 stars in the association Per OB2 area (Table 6 ). The majority of stars here are affected only by moderate extinction (Ay < 1.5 mag) which appears at about 160 pc, i.e. at the distance of the Taurus clouds. Probably, only one dust layer exists in this direction, its average extinction being Ay = 0.95 ± 0.08 mag, similar to that given by the first cloud in the direction of open cluster IC 348. This may mean that the association is outside the Perseus clouds edge or it is in a vast and comparatively transparent window. Table 3 72, 75, 80, 81, 83, 85, 87, 95 To derive the cluster distance, 13 probable its members (designated by m in Table 4 ), having reliable spectral classes and MY were selected. Taking these stars together with the ten true cluster members, we obtain the mean distance 260±16 pc which is not very different from the previous value. Thus, the distance of the cluster IC 348 almost coincides with the distance of the Perseus dark clouds determined earlier. Distances of the cluster determined by other authors are summarized in Table 5 Table 6 gives the results of photometric quantification of stars, their colour excesses, extinctions and distances in the area of the Per OB2 association. Distances are calculated with the normal value of the ratio R = 3.2. In the Greenstein (1948) 160 spectroscopic parallaxes Harris et al. (1954) 380 spectroscopic parallaxes Fredrick (1956) 480 proper motion study Strom et al. (1974) 330 spectroscopic parallaxes This work 260 photometric distance Morgan et al. (1953) 360 spectroscopic parallaxes Seyfert et al. (1960) 400 spectroscopic parallaxes Borgman and Blaauw (1964) 334 photometric distance Racine (1968) 330 spectroscopic parallaxes Guetter (1977) 413 spectroscopic parallaxes Klochkova and Kopylov (1985) 340 spectroscopic parallaxes This work 338 photometric distance OB, which are the association members according to Guetter (1977) . The mean distance of these stars is 338±16 pc. Table 7 gives the distance evaluations of the association by other authors. Our result is closest to that obtained by Klochkova and Kopylov (1985) . Let us remind that our distance is adjusted to the Hyades distance modulus V -My -3.2. In the case of its value 3.3, the distance must be increased by a factor of 1.05. Individual members of the association show distances between 220 and 550 pc. This spread of distances is a result of: (1) real distance differences of the association members and (2) distance determination errors which are of the order of 25%. Since the association angular diameter is ~ 8°, its radial extent can be about 50 pc, if it is round. Stars with r < 250 pc and > 480 pc can be either foreground or background field stars. Some of them, which are among the foreground stars, can be the unresolved association binaries.
Distance of the Per OB2 association
It can be concluded that the center of Per OB2 association is by about 80 pc farther than the Perseus dark clouds. However, if the ratio R for the interstellar matter in front of the association is 3.5, instead of 3.2, the difference of distances between the association center and the dark cloud complex would be not so significant: 310 pc for the association against 260 pc for the dark clouds. Taking into account the radial extent of the association, its physical relationship with the dark clouds cannot be excluded.
General discussion and conclusions
The obtained results are in favour of the presence of two dust layers in the direction of the eastern part of the Perseus dark clouds. This is in accord with our earlier conclusion (Cernis 1990a) for the western part of the complex, around the reflection nebula NGC 1333, where also two dust layers at 160 pc (0.4 mag) and 220 pc (1.8 mag) were detected. Inspection of the first layer shows that its density gradually increases when going eastward: in the vicinity of IC 348, the layer gives 0.7 mag extinction, while in front of Per OB2 it is already 0.95 mag. This tendency continues when we reach the Taurus dark clouds (Straizys and Meistas 1980; Meistas and Straizys 1981; Meistas 1983 ). The same dust layer extends also southward from the Perseus dark clouds, in the direction of the Pleiades (Cernis 1987) .
Consequently, the Taurus dark cloud complex, which usually is supposed to be of 15 deg diameter, probably has an extended periphery, adding at least 10 deg from all sides. This leads to a conclusion that the linear diameter of the Taurus cloud complex can be as large as 80 pc at 160 pc distance. If the far edge of the Taurus complex is at 200 pc, it can be connected with the front edge of the Perseus dark cloud complex.
The Perseus cloud complex distance is 220 pc in the western part (Cernis 1990a ) and 260 pc in the eastern part (this paper). If this distance difference is real, the Perseus complex clouds lie almost parallel to the galactic plane, being approximately 80-90 pc below it. The Per OB2 association center is at 340 pc, i.e. it extends the Perseus complex into depth. The Taurus dark cloud complex also seems to be parallel to the galactic plane (Straizys et al. 1992) . Fig. 9 gives distribution of the Taurus and Perseus objects in the "distance versus galactic latitude" pattern.
The peculiar position of both these dark clouds and the star forming complexes is easily understandable in terms of the Gould Belt or Local superassociation, which contains dark clouds, young clusters and associations as well as many field stars in the solar vicinity. This Belt forms an angle 13° with the galactic plane. As a. result, its objects in Ophiuchus, Scorpio and Serpens are above the galactic plane while the objects in Taurus, Perseus and Orion are below it. The Taurus dark cloud complex is at ~30 pc and the Perseus complex is at ~80 pc below the plane.
The most peculiar position shows the Per OB2 association which is even farther from the galactic plane (90 pc). The association
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Galactic plane Fig. 9 . The spatial distribution of dark clouds and young stellar groups in the galactic anticenter region. Numerical designations: 1. dark clouds around TMC-1; 2. the Merope dark cloud; 3. dark clouds surrounding the cluster NGC 1750/58; 4. the vicinity of the reflection nebula NGC 1333; 5. the dark cloud Barnard 1; 6. the vicinity of the open cluster IC 348; 7. the Per OB2 association. If the Sun is slightly above the galactic plane, the distances of these objects from the plane should be a little different. almost does not contain the interstellar dust and is reddened only by the foreground Taurus clouds. Its age is much less than the age of the IC 348 cluster which still remains in its birthplace, the dust cloud L1470. It is difficult to understand this situation evolutionary. Probably, all the interstellar gas and dust in the Per OB2 volume have condensed into stars during the last stax forming episode.
The following conclusions follow from the above investigation.
(1) Analysis of interstellar extinction in the direction of the open cluster IC 348 indicates the existence of two dust layers at 160 ±20 pc and 260 ± 20 pc from the Sun. The first layer is of lower density with the mean Ay = 0.71 ± 0.27 mag and is probably related with the Taurus dark clouds. Behind it is the second layer with the mean Ay = 2.0 ± 0.6 mag. It is likely to belong to the Perseus dark cloud complex which is almost parallel to the equatorial plane, being about 80 pc below it.
(2) The distance of the cluster IC 348 is 260 ± 16 pc as derived from 23 probable cluster members. The mean extinction in the cluster area is Ay = 2.50 ± 0.6 mag.
(3) The distance and the mean extinction of the Per OB2 association stars is 338 ± 16 pc and 0.95 ± 0.08 mag, respectively. Probably, it is reddened by an extension of the Taurus dark clouds.
(4) Results of the present study support the conclusions drawn in my previous paper (Cernis 1990a) where interstellar extinction in the direction of the western part of the Perseus complex of dark clouds has been investigated.
